Chaetomugilins G and H were isolated from a strain of Chaetomium globosum that was originally isolated from the marine fish, Mugil cephalus, and their absolute stereostructures were elucidated on the basis of spectroscopic analyses, including 1D and 2D NMR techniques, and chemical transformation. In addition, the absolute configuration of chaetoviridin C was established by derivatization from chaetomugilin A. These compounds exhibited a growth inhibitory activity against cultured P388, HL-60, L1210 and KB cells.
INTRODUCTION
Marine microorganisms are potentially prolific sources of highly bioactive secondary metabolites that might serve as useful leads in the development of new pharmaceutical agents. On the basis of the fact that some of the bioactive materials isolated from marine animals have been produced by bacteria, we focused our attention on new antitumor agents from microorganisms separated from marine organisms. [1] [2] [3] [4] [5] As part of this endeavor, we conducted a search for antitumor compounds from a strain of Chaetomium globosum OUPS-T106B-6 that was originally isolated from the marine fish, Mugil cephalus, and reported six new cytotoxic metabolites designated as chaetomugilins A (1), B, C, D (2), E and F from the culture broth of this fungal strain. 6, 7 These compounds are azaphilones and they have various bioactivities, including antimicrobial, nitric oxide inhibitory, gp120-CD4-binding inhibitory, monoamine oxidase inhibitory and platelet-derived growth factor-binding inhibitory activities. 7 An examination of a diseaseoriented panel of 39 human cancer cell lines (HCC panel) 8, 9 suggested the possibility that the mode of action of chaetomugilins A (1), C and F might be different from that shown by any other anticancer drugs developed to date. 7 Our continuing search for cytotoxic metabolites from this fungal strain yielded two new azaphilones designated as chaetomugilins G (3) and H (4), along with the known compound, chaetoviridin C (5) 10 ( Figure 1 ). These compounds exhibited moderate cytotoxic activity against the murine P388 leukemia cell line, the human HL-60 leukemia cell line, the murine L1210 leukemia cell line and the human KB epidermoid carcinoma cell line. We describe herein the absolute stereostructures and biological activities of these compounds.
RESULTS AND DISCUSSION
The microorganism from M. cephalus fish was cultured at 27 1C for 6 weeks in a medium (100 l) containing 1% soluble starch and 0.1% casein in 50% artificial seawater adjusted to pH 7.5. This fermentation was carried out on twice the volume than that used in previous reports 6, 7 to obtain minor metabolites. After incubation, the AcOEt extract of the culture filtrate was purified by bioassay-directed fractionation (cytotoxicities against the P388 cell line) using a stepwise combination of Sephadex LH-20, silica gel column chromatography and reversed-phase HPLC to afford chaetomugilins G (3), H (4) and chaetoviridin C (5), together with chaetomugilins A-F. The physicochemical properties of chaetomugilins G (3) and H (4) are summarized in Table 1 .
Chaetomugilin G (3) had the molecular formula, C 24 H 29 ClO 7 , which was established from the [M+H] + peak in high-resolution fast atom bombardment mass spectrometry and from the ratio of the intensity of isotope peaks (MH + /[MH+2] + ). Its IR spectrum exhibited bands at 3423, 1700 and 1687 cm -1 , which are characteristic of hydroxyl, ester and conjugated carbonyl groups, respectively. A close inspection of the 1 H and 13 C NMR spectra (Table 2) of 3 by DEPT and heteronuclear multiple quantum coherence (HMQC) experiments revealed the presence of four secondary methyls (11-CH 3 , C-13, 4¢-CH 3 and C-6¢), one tertiary methyl (7-CH 3 ), one ester methyl (1¢-OCH 3 ), four sp 2 -hybridized methines (C-1, C-4, C-9 and C-10) including oxygen-bearing carbon (C-1), five sp 3 -methines (C-8, C-11, C-12, C-4¢ and C-5¢) including two oxymethines (C-12 and C-5¢), one quaternary oxygen-bearing sp 3 -carbon (C-7), six quaternary sp 2 -carbons (C-3, C-4a, C-5, C-8a, C-2¢ and C-3¢) including one oxygen-bearing carbon (C-3¢) and two carbonyls (C-6 and C-1¢). The 1 H-1 H COSY analysis of 3 revealed two partial structural units as shown by bold-faced lines in Figure 2 . The geometrical configuration of the double bond moiety (C-9-C-10) was deduced to be trans from the coupling constants of the olefinic protons (J 9,10 ¼15.8 Hz). The connection of these units and of the remaining functional groups was determined on the basis of the key heteronuclear multiple-bond connectivity (HMBC) correlations summarized in Figure 2 . The connection of a chlorine atom to C-5 was reasonable from its chemical shift (d C 110.43). Thus, the planar structure of 3 was elucidated as shown in Figure 2 .
The relative stereochemistry of 3 was examined by conducting NOESY experiments (Table 2) . NOE correlations (6¢-H/8-H and 6¢-H/7-CH 3 ) implied that 8-H is oriented cis to the 7-methyl group. However, the relative configuration of C-11, C-12, C-4¢ and C-5¢ could not be elucidated. Treatment with p-TsOH of chaetomugilin A (1) in MeOH gave chaetomugilins B and C, as reported previously. 6, 7 This time, the above reaction was carried out on the condition that more p-TsOH was used, which then resulted in 3 together with chaetomugilins B and C (Scheme 1). Product 3 was confirmed to be identical to natural 3 on the basis of IR, UV and NMR spectra and optical rotations. This result allowed us to assign the absolute configuration of all the asymmetric centers (7S, 8R, 11R, 12R, 4¢R and 5¢R) in chaetomugilin G (3) .
Chaetomugilin H (4), which contained one oxygen atom less than 3, was assigned the molecular formula, C 24 H 29 ClO 6 . The general features of its UV, IR and NMR spectra (Table 3) (Table 3) . In NOESY experiments, the same NOE correlations (6¢-H/8-H and 6¢-H/7-CH 3 ) as those of 3 were observed. As in compound 3, treatment with p-TsOH of chaetomugilin D (2) in MeOH gave product 4 (Scheme 1), which was confirmed to be identical to natural 4 on the basis of IR, UV and NMR spectra and optical rotations. The above lines of evidence revealed the absolute stereostructure of chaetomugilin H (4). Treatment of chaetomugolins C and F with p-TsOH also gave 3 and 4, respectively (Scheme 1). This fact implied that the transformation from 1 and 2 to 3 and 4 proceeded through chaetomugolins C and F, respectively.
The planar structure of chaetoviridin C (5), which was confirmed to be identical in terms of IR, UV and NMR spectra, as well as optical rotation, has already been reported by Natori and co-workers, 10 but the stereochemistry has remained undecided. To determine the absolute configuration of 5, the derivatization from chaetoviridin C (5) to chaetomugilin D (2) was carried out. Treatment with p-TsOH of 5 in MeOH gave product 2, which was confirmed to be identical to natural 2 on the basis of IR, UV and NMR spectra and optical rotations. 7 This result allowed us to assign the absolute configuration of all the asymmetric centers (7S, 8S, 11S, 2¢R, 4¢R and 5¢R) in chaetoviridin C (5).
Chaetomugilins A (1) and D (2) were stable in the mixture, MeOH/ CHCl 3 , for several days. In the process of isolation, the time that 1 was exposed to MeOH on the silica gel column chromatography was very short (6-7 h, the longest time). In addition, 2 was not exposed to MeOH in this procedure. These results suggested that chaetomugilins G (3) and H (4) were not artifacts of chaetomugilins A (1) and D (2), respectively.
Assays for the growth inhibitory activity of other azaphilones using various cancer cell lines are rarely reported. As a primary screen for antitumor activities, the cancer cell growth inhibitory activities of chaetomugilins G (3) and H (4) were examined using the murine P388 leukemia cell line, the human HL-60 leukemia cell line, the murine L1210 leukemia cell line and the human KB epidermoid carcinoma cell line. Compound 3 exhibited significant cytotoxicity to P388 and HL-60 cell lines. In addition, compound 4 also showed moderate activity against KB cell lines (Table 4) . These results implied that the presence of the hydroxyl group at C-12 reduced activity. 
Stereostructures of chaetomugilins G and H T Yamada et al

EXPERIMENTAL SECTION General
The m.ps. were determined on a Yanagimoto micro-melting point apparatus (Yanagimoto Ltd., Kyoto, Japan) and are uncorrected. UV spectra were recorded on a Hitachi U-2000 spectrophotometer (Hitachi Ltd., Tokyo, Japan), and IR spectra on a JASCO FT/IR-680 Plus (JASCO Corporation, Tokyo, Japan). NMR spectra were recorded at 27 1C on Varian UNITY INOVA-500 and MERCURY spectrometers (Varian Technologies Japan Ltd., Tokyo, Japan), with tetramethylsilane as an internal reference. FABMS data were obtained using a JEOL JMS-700 (Ver. 2) mass spectrometer (JEOL Ltd., Tokyo, Japan). Optical rotations were recorded on a JASCO J-820 polarimeter (JASCO Corporation). Liquid chromatography over silica gel (mesh 230-400) (NACARAI Tesque, inc., Kyoto, Japan) was performed at medium pressure. HPLC was run on a Waters ALC-200 (Nihon Waters K.K., Tokyo, Japan) instrument equipped with a differential refractometer (R 401) (Nihon Waters K.K.) and Shim-pack PREP-ODS (25 cmÂ20 mm i.d.) (Shimazu Corporation, Kyoto, Japan). Analytical TLC was performed on precoated Merck aluminum sheets (DC-Alufolien Kieselgel 60 F254, 0.2 mm) (Merck Ltd. Japan, Tokyo, Japan) with the solvent system, CH 2 Cl 2 -MeOH (9:1), and compounds were viewed under a UV lamp and sprayed with 10% H 2 SO 4 , followed by heating.
Culture and isolation of metabolites
A strain of C. globosum was initially isolated from the marine fish, Mugil cephalus, collected from the Katsuura Bay of Japan in October 2000. The marine fish was wiped with EtOH and its gastrointestinal tract was applied to the surface of nutrient agar layered in a Petri dish. Serial transfers of one of the resulting colonies provided a pure strain of C. globosum. The fungal strain was cultured at 27 1C for 6 weeks in a liquid medium (100 l) containing 1% soluble starch and 0.1% casein in 50% artificial seawater adjusted to pH 7.5. The culture was filtered under suction and extracted thrice with AcOEt. The combined extracts were evaporated in vacuo to afford a mixture of crude metabolites (20.3 g). The AcOEt extract was passed through Sephadex LH-20 (Amersham Pharmacia Biotech Inc., Piscataway, NJ, USA), using CHCl 3 -MeOH (1:1) as eluent. The second fraction (7.2 g) was chromatographed on a silica gel column with a CHCl 3 -MeOH gradient as eluent. Derivatization of 3 from 1 p-TsOH (22.7 mg) was added to a MeOH solution (5 ml) of chaetomugilin A (1) (27.2 mg) and the reaction mixture was left at room temperature for 6 h. 
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The solvent was evaporated off under reduced pressure and the residue was purified by HPLC using MeCN-H 2 O (55:45) as eluent to afford 3 (3.1 mg), chaetomugilin B (7.2 mg) and chaetomugilin C (6.7 mg).
Derivatization of 4 from 2
Using the same procedure as above with 1, chaetomugilin D (2) (32.7 mg) was treated with p-TsOH (25.8 mg) in MeOH (8 ml), and the products were purified by HPLC using MeCN-H 2 O (70:30) as eluent to afford 4 (4.1 mg), chaetomugilin E (8.9 mg) and chaetomugilin F (8.2 mg).
Derivatization of 2 from chaetomugilin C
Using the same procedure as above with 1, chaetomugilin C (12.6 mg) was treated with p-TsOH (18.6 mg) in MeOH (3 ml) and the products were purified by HPLC using MeCN-H 2 O (55:45) as eluent to afford 3 (4.8 mg). Table 2 . b As in Table 2 .
Scheme 1 Reagents and conditions: (a) MeOH, p-TsOH, 20 1C, 6 h. 
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